. Their mine whether SCaBP5 and PKS3 are specifically intranscript abundance was not regulated by ABA (Figure volved in ABA-elicited calcium signaling, we tested the 1A). In four randomly chosen, independent scabp5 and RNAi mutants under salt and cold stress and auxin, pks RNAi lines, SCaBP5 and PKS3 were shown to be cytokinin, brassinolide, and gibberellic acid treatments, silenced in the respective lines ( Figure 1B ). There were all of which are known to trigger cytosolic calcium signo PCR products amplified from RNA samples without nals. Figure 3A shows that neither the scabp5 nor the reverse transcription ( Figure 1B, CK lines) , demonstrapks3 mutants were more sensitive to NaCl than were ting that there was no DNA contamination. Control exwild-type seedlings. In addition, the mutants were not periments showed that the most closely related genes, more sensitive to cold treatment ( Figure 3B ). To deterSCaBP1 and SCaBP6, were not affected in the scabp5 mine whether scabp5 and pks3 mutants were altered in mutants ( Figures 1C and 1D) . Likewise, PKS2 and their responses to other hormones, the seedlings were PKS18, which are most closely related to PKS3, were assayed for their root growth on media supplemented with epibrassinosteroid, gibberellic acid, indol-3-acetic not affected in pks3 mutants (Figures 1C and 1D) . Figures 3C-3G Figure 1A ). Interest-ABA induces the expression of many plant genes that ingly, strong GUS expression was detected in the guard are also regulated by water deficits (reviewed by Leung cells of both SCaBP5::GUS and PKS3::GUS transgenic and Giraudat, 1998). To test whether the scabp5 and plants ( Figure 4A ). The expression of SCaBP5 and PKS3 pks3 mutant plants show increased sensitivity toward genes in guard cells was confirmed by Northern blot ABA in gene regulation, the mutant seedlings were analysis on total RNA extracted from guard cell-enriched treated with 100 M ABA, and ABA-responsive gene leaf epidermal strips (data not shown). The strong exexpression was determined at various time points after pression of SCaBP5 and PKS3 in guard cells suggests the treatment by using RNA blot analysis. In the wildthat SCaBP5 and PKS3 may also function in stomatal type, the stress-responsive genes COR47, COR15A, regulation. RD29A, and RAB18 were all induced by ABA, with a To determine whether the scabp5 and pks3 mutations peak of expression at 10 hr after treatment ( Figure 3H ). affect the responsiveness of guard cells to ABA, stomaIn the scabp5 and pks3 mutants, expression of these tal responses to various concentrations of ABA were genes also peaked at 10 hr, but the transcript levels tested. When wild-type, scabp5-12, and pks3-3 plants of COR15A, COR47, and RD29A but not RAB18 were were incubated under light at high humidity for 12 hr to substantially higher than in the wild-type and persisted allow stomata to open fully, no significant difference for a longer time. For COR47 and COR15A, significant was detected among different plant lines in the size of expression was also detected even prior to ABA treatment in the mutants ( Figure 3H in wild-type plants ( Figure 4B ). The stomatal apertures of we compared the rates of water loss from the rosette leaves of wild-type and scabp5-9 and pks3-3 mutants. wild-type plants were decreased to 73% of that without ABA treatment, and in scabp5-12 and pks3-3 plants they
The results illustrate that both scabp5-12 and pks3-3 mutant leaves lost water significantly more slowly than were decreased to 35% and 37%, respectively ( Figure  4B ). The stomatal apertures in scabp5-12 and pks3-3 the wild-type leaves ( Figure 4C ), which is consistent with the ABA-hypersensitive stomatal closure in the mutants. were further reduced to 16% and 9%, respectively, by 2.5 hr of ABA treatment, whereas in the wild-type it was PKS kinases contain a FISL motif in their regulatory domains that mediates interaction with specific SCaBPs only reduced to 52%. These data show that stomatal closure is hypersensitive to ABA in the scabp5-12 and (Guo et al., 2001a). The deletion of the FISL motif in SOS2 results in a constitutively active kinase that is pks3-3 mutants, suggesting that both SCaBP5 and PKS3 play important roles in regulating the responses independent of SOS3 (Guo et al., 2001a). Deletion of the FISL motif in PKS3 rendered the kinase independent of to ABA in guard cells.
To determine whether the increased sensitivity to ABA SCaBP5 (see below). We expressed this deletion mutant (i.e., PKS3⌬F) ectopically in wild-type Arabidopsis in guard cells has an impact on plant water relations, in the yeast two-hybrid system ( Figure 5A ). ABI1 also ( Figure 5D ). These results suggest that SCaBP5 and PKS3 interact specifically in vivo in plant cells. interacted with PKS3 ( Figures 5A and 5B ), but the interaction was considerably weaker than that of ABI2 (Fig- Experiments were also performed to determine whether ABI2 is a substrate for phosphorylation by PKS3, or ure 5B). We then performed a pull-down assay to determine whether PKS3 interacts with ABI2 or ABI1 in vitro.
whether autophosphorylated PKS3 is a substrate for dephosphorylation by ABI2. However, the results sugThe result shows that PKS3 was capable of binding to ABI2-GST or ABI1-GST but not RB-GST ( Figure 5C ).
gest that ABI2 could not dephosphorylate PKS3, nor could PKS3 phosphorylate ABI2 (data not shown). To test whether SCaBP5 and PKS3 can also interact in vivo, Myc-tagged PKS3 (PKS3-Myc) and HA-tagged SCaBP5 (SCaBP5-HA) were transfected into ArabiThe abi1-1 and abi2-1 Mutations Suppress the ABA-Hypersensitive Phenotypes dopsis protoplasts either separately or together. PKS3-Myc and SCaBP5-HA were then precipitated with antiof scabp5 and pks3 To determine the genetic relationship between PKS3 Myc and anti-HA antibodies, respectively. Figure 5D shows that SCaBP5-HA was detected in the proteins and ABI2/1, the dominant mutant pks3-3 was crossed with the dominant abi2-1 and abi1-1 mutants, and the precipitated by anti-Myc only from protoplasts cotransfected with both PKS3-Myc and SCaBP5-HA but not resulting F 1 seeds were tested in a seed germination assay in the presence of 0.2 M or 0.5 M ABA. The from protoplasts transfected only with PKS3-Myc. The results demonstrate that PKS3 and SCaBP5 could be results show that the F 1 seeds behaved like the respective abi mutants ( Figures 6A and 6B ). Crosses were also coimmunoprecipitated. Control experiments show that PKS3 did not coimmunoprecipitate with SCaBP1 from performed between abi2-1 or abi1-1 and scabp5-12, and between pks3-3 and scabp5-12. F 1 seeds from the protoplasts cotransfected with PKS3-Myc and SCaBP1-HA ( Figure 5D ). Similarly, we found that PKS3-Myc but cross between scabp5-12 and abi2-1 or abi1-1 behaved like the abi mutants when they were germinated in a not PKS5-Myc was coprecipitated by anti-SCaBP5-HA (Figures 6A and 6B) .
Ishitani et al., 2000)
. In this study, however, PKS3 itself was found to be capable of phosphorylating the synThese results show that the abi1-1 and abi2-1 mutations suppress the scabp5 and pks3 mutant phenotype. There thetic peptide p3 (ALARAASAAALARRR). SCaBP5 did not affect the capacity of PKS3 to phosphorylate p3 was no additive effect in the double mutant pks3scabp5, as compared to scabp5 and pks3 single mutants (Figwhen there was no calcium in the reaction medium (Figure 7) . Intriguingly, PKS3 phosphorylation of p3 ( Figure  ures 6C and 6D 
Experimental Procedures Yeast Two-Hybrid Interaction and In Vitro Protein Binding Assays Plasmid Constructs and Plant Transformation
Yeast two-hybrid interaction assays were performed as described Gene-specific cDNA fragments of SCaBP5 (GenBank accession (Halfter et al., 2000; Guo et al., 2001a). To produce bacterially exnumber AF076251) and PKS3 (GenBank accession number AFpressed GST-PKS3, GST-SCaBP5, GST-ABI2, and GST-ABI1, the 339144) were amplified by polymerase chain reaction (PCR) using coding regions of PKS3, SCaBP5, ABI2, and ABI1 cDNAs were the following primer pairs: for SCaBP5, forward primer 5Ј-CGGGAT cloned in-frame into the BamHI-EcoRI sites of pGEX-2TK. The con-CCATTTAAATTTCGAGGACACGAAG-3Ј and reverse primer 5Ј-GGA structs were introduced into E. coli BL21 DE3 cells. Radiolabeled CTAGTGGCGCGCCATCTTGATTCACGTCTG-3Ј; for PKS3, forward SCaBP5 and PKS3 proteins were produced from pET14b-SCaBP5 primer 5Ј-CGGGATCCATTTAAATGGCCTACAAGAGGAGGTG-3Ј and and pET14b-PKS3 by using an in vitro transcription and translation reverse primer 5Ј-GGACTAGTGGCGCGCCTCAGTGCCAAGCTAA assay kit (TNT Coupled Reticulocyte Lysate system; Promega) with TAC-3Ј. The forward primers contain BamHI and SwaI restriction 
